Leg length has been suggested as a proxy for nutritional and environmental exposures in childhood given the associations observed in some Western populations.
1,2 Sanjay Kinra et al. 3 present a careful assessment of this hypothesis in an Indian population in this issue of the International Journal of Epidemiology and observe no association between nutritional supplementation and relative leg length, and relative lower leg length, among adolescents in the Hyderabad cohort. Although intriguing, given previous findings 4, 5 and the proposed sensitivity of 'lower' leg length as a marker for nutritional status, 6 the null finding reported by Kinra and colleagues is in accord with other studies in non-Western populations. 7, 8 To our knowledge, only one other study has specifically examined the association of nutritional supplementation in early childhood with leg length in 'childhood'. 4 This study set in 1930s Britain investigated the effects of a year-long nutritional supplementation programme on change in components of height after 1 year. The children in the Hyderabad study, in contrast, had the potential to receive the supplementation for about 6 years. Another difference is that the children in the British study were about 9 years old at follow-up whereas the Indian study focused on 13-18 year olds. Importantly, whereas the supplements were directly given to the children or their families in the British study, the intervention in the Hyderabad trial was at the village level: a child was considered to be in the treatment group if s/he resided in a village where the supplementation programme was being implemented. Kinra et al. 3 treat their study as a quasi-experimental cluster trial and use the Intention-to-Treat (ITT) principle in their analysis. This approach is a standard practice but, by discarding data from eligible children because of missing baseline data, 9 the investigators did not entirely adhere to principles of ITT. The study might have been strengthened by clarifying whether statistical methods recommended specifically to handle missing data (individual and cluster) for ITT in cluster randomized trials were applied. 10 Examining studies of nutritional supplementation and leg length, in general, it is notable that the results do not unequivocally underscore the salience of leg versus trunk length in capturing growth during childhood and early adolescence. For instance, a British study of energy intake at the age of 4 years and leg and trunk lengths at the age of 43 years, 5 found that per capita family expenditure on food per week was positively associated with leg length, whereas per capita daily calorie and protein intakes were not. Additionally, per capita food expenditure per week and per capita daily calorie intake were positively associated with trunk length among boys whereas per capita daily calorie and protein intakes were associated with trunk length among girls. Based on these rather equivocal findings, the study authors speculated that leg growth may be more sensitive to socio-economic circumstances and diet than trunk growth in early childhood (<5 years) and trunk growth may be more sensitive after the age of 5 years. At the present time, therefore, it is not clear if relative leg length can be considered a valid proxy for childhood nutrition despite its potential advantage for retrospective assessment of nutritional status in early childhood or as an improvement over indirect nutritional assessment by absolute leg length.
Multiplicity of childhood nutritional measures
Depending on the setting and the objective (individual clinical impression vs population nutritional assessment), these methods may have important advantages and disadvantages that we briefly consider.
The principal criteria for assessing growth and nutritional status in children are indices based on anthropometric measurements for stature (height or length) and body weight. 11 In order to compare anthropometric data across children of different ages, population-based reference data are used including the US Centers for Disease Control, 12 British growth references 13 and World Health Organization child growth standards.
14 Differences in a child's height or weight from the median of the reference population can be calculated in terms of the standard deviation (z-score) above or below the median. 15 In low-and middle-income countries, child undernutrition remains prevalent, 16 and a z-score of below negative two (i.e. less than À2 SD) is used to indicate underweight (low weight-for-age), stunting (low height-for-age) or wasting (low weight-for-height).
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These indices are important in monitoring nutritional status as each captures different underlying biological processes. 17 Weight-for-age is a general index composed of weight-for-height and height-for-age, 18 which are used to identify wasting and stunting in populations. 19 Used alone, however, weight-for-age may underestimate the proportion of children who are undernourished, as some undernourishment may only be detected through weight-for-height and/or height-for-age. 20 In young children, weight-for-height is independent of child age and can identify both 'thinness' and 'overweight', but it is less useful in older children and adolescents where the relationship between weight and height depends on age. 21 Another important consideration is that wasting may be the result of acute starvation and/or disease, and low weight-for-age also does not differentiate chronic thinness from recent onset, whereas stunting indicates long-term nutritional inadequacies.
Among older children and adolescents, body mass index can be used and cut-off values have been identified to categorize thinness 22 and overweight/ obesity 23 in children. Body mass index-for-age may also be used in children and z-scores can be calculated from the reference distributions. [12] [13] [14] Other anthropometric indices such as the mid-upper arm circumference may be appropriate for use in emergency or crisis situations where collection of age, weight and height data are problematic. The advantage being that undernutrition can be quickly identified in children aged 1-5 years with an arm circumference <12.5 cm. 24 Head circumference is less practical in assessing nutritional status at the population level, because only very small circumference may have sufficient specificity be indicator of severe undernutrition in infants. Head circumference, however, can be used as a screening tool for child developmental or neurological disorders in clinical settings.
It is possible that adolescent or adult leg length and relative leg length may turn out to be useful as indicators of prior nutritional status in childhood in lowand middle-income countries. However, as Kinra and colleagues point out, there is currently a lack of evidence to support the usefulness of leg length and relative leg length for this purpose.
In populations where overweight and obesity are prevalent, measures of body composition can be used to quantify body fat. For example, skinfold measurement is a relatively simple and fairly accurate method of predicting body composition and has been used in large surveys. 25 Skinfold measurements, however, may be of limited use in children due to large inter-observer variability and lack of available reference data.
11,26 Dual X-ray absorptiometry (DXA) and magnetic resonance imaging (MRI) have improved accuracy in quantifying body composition but come at a higher cost and with limited availability. 27 Anthropometric measurements such as waist circumference have been proposed as simpler alternatives with comparable accuracy in measuring adiposity in children. 28 Bioelectrical impedance analysis (BIA) is a relatively inexpensive technique that is used to estimate body fat by assessing conductivity in the fat-free body mass. 24 Although BIA has only moderate accuracy in individuals, it may be suitable for population studies and in children as reference data become available.
Biochemical methods are increasingly useful to support assessment of nutritional status based on anthropometry and body composition and in epidemiological studies. 29 Individuals may have underlying nutritional deficiencies although their body measurements are within normal limits. 24 Many biochemical tests to measure micronutrient adequacy are available. 30 In nutrition surveys or population-based studies, several technologies that require small amounts of blood have been used successfully including haematological analysis to estimate iron, folate and vitamin B12. 24, 29 Deficiency of vitamin A in children is a large global health problem, 19 and both traditional laboratory methods and dry blood spots are available for use in population-based studies of vitamin A. 31 On the other hand, zinc deficiency in children is also widespread, but the quantification of zinc intake through biochemical methods is not feasible in large surveys; therefore, population assessment of zinc deficiency is done largely on the basis of stunting prevalence. 19 
Concluding remarks
The multiplicity of childhood nutrition measures that we attempted to summarize highlight the importance of selecting a measure based on the research question being addressed. Although each of these measures might be useful, the underlying phenomenon and Conflict of interest: None declared.
KEY MESSAGE
The multiplicity of childhood nutrition measures highlight the importance of selecting a measure based on the research question being addressed. Although each of these measures might be useful, the underlying motivation (individual clinical impression vs population nutritional assessment) and context should dictate which measure is chosen.
